Abstract Enterprise Architecture (EA) is a relatively new domain that is rapidly developing. "The primary reason for developing EA is to support business by providing the fundamental technology and process structure for an IT strategy" [TOGAF]. EA models have to model enterprises facets that span from marketing to IT. As a result, EA models tend to become large. Large EA models create a problem for model management. Concern-based design methods (CBDMs) aim to solve this problem by considering EA models as a composition of smaller, manageable parts-concerns. There are dozens of different CBDMs that can be used in the context of EA: from very generic methods to specific methods for business modeling or IT implementations. This variety of methods can cause two problems for those who develop and use innovative CBDMs in the field of Enterprise Architecture (EA). The first problem is to choose specific CBDMs that can be used in a given EA methodology: this is a problem for researchers who develop their own EA methodology. The second problem is to find similar methods (with the same problem domain or with similar frameworks) in order to make a comparative analysis with these methods: this is a problem of researchers who develop their own CBDMs related to a specific problem domain in EA (such as business process modeling or aspect oriented programming). We aim to address both of these problems by means of a definition of generic Requirements for CBDMs based on the system inquiry. We use these requirements to classify twenty CBDMs in the context of EA. We conclude with a short discussion P. Balabko ( )· A. Wegmann Ecole Polytechnique Fédérale de Lausanne, CH-1015 Lausanne, Switzerland e-mail: balabko@mail.ru A. Wegmann e-mail: alain.wegmann@epfl.ch about trends that we have observed in the field of concernbased design and modeling.
Introduction
This paper presents a classification of concern-based design methods (CBDMs) and considers how CBDMs can be used in the context of Enterprise Architecture (EA).
EA is a multi-disciplinary approach that enables enterprises to anticipate or react to necessary business or technical changes. In an EA project, the EA team develops an EA model (also called enterprise model) that represents the enterprise. The model is usually structured in hierarchical organization levels. The highest level typically describes marketing concerns, the middle level describes business processes, and the lower level describes the IT systems. The rational behind structuring EA models with hierarchical levels can be found in Wegmann (2003) .
Usually, EA models become very large because they cover a very wide range of concerns from marketing down to IT implementation issues. As a result, EA models are often incomplete, inconsistent or unspecified. Enterprise models exemplify traditional modeling problems such as the one defined by Clarke et al. (1999) : "models are often large and monolithic", "designs are too difficult to reuse" and "there is a significant structural misalignment between requirements and code, with design caught in middle". This results in models that are very difficult to understand and therefore these models cannot be used for reasoning about or for designing business and IT systems. The solution to this problem is to make EA models as a composition of smaller, manageable parts: concerns. In order to do this, concern-based design methods (CBDMs) should be used. In our paper, we compare and recommend CBDMs that can be used in EA methodologies.
The main question of this paper is: What are the CBDMs that can be used in the context of EA and how can they be used? To see how specific CBDMs can be used to specify EA, we have to make a more systematic analysis of concernbased modeling in the context of EA. To make this analysis, we use an approach that was developed for analyzing systems: the Systems Inquiry (see http://www.isss.org). System Inquiry incorporates four interrelated directions: systems philosophy, systems theory, systems methodology and systems application. Systems philosophy is concerned with a system's view on the world. This direction studies WHAT exists and HOW we understand what we know. Systems theory tries to "recognize system properties, that are general, and structural similarities in different fields". Systems methodology studies different methods and "identifies specific, strategies, methods and tools appropriate to work with our system". Systemic application studies the application of specific models, methods and tools in some functional context. In our work this context is EA. Therefore, we study the application of specific CBDMs in the context of EA, i.e. how these specific methods can be used to support EA modeling.
We use system inquiry as a base to define the generic requirements for CBDMs to be used in EA. These requirements are then used to generate a list of classified CBDMs (starting from a list of existing CBDMs). This list allows the researchers (i.e. designers of EA methodologies) to select the list of relevant CBDMs for their EA methodologies. Using relevant CBDMs improves the structure of the enterprise models and makes them simpler to use. It also improves the traceability between design models at different organization levels.
In our work we consider twenty specific CBDMs and analyze how they can be used in the context of EA. In order to do this we use systems inquiry (Section 2). In Section 3 we use these requirements to see how the specific CBDMs can be used to support EA modeling (the systemic application). In Section 3.1 we start with the brief description of the twenty CBDMs. In Section 3.2 we check how the requirements for CBDMs are satisfied by each CBDM. This results in the CBDM Requirements Checklist table. Then we use this table to associate each method with organization levels where the method can be used. This results in the classification of CBDMs in the context of EA (Section 3.3). In Section 4 we discuss the generated classification. Section 5 is the conclusion.
Requirements for CBDMs in the context of EA based on the "systems inquiry"
In this section, we define requirements for CBDMs in the context of EA based on the four directions of Systems Inquiry. In Section 2.1 we consider systems philosophy that defines the main concepts of CBDMs. In Section 2.2 we consider systems theory that defines the most general principles of CBDMs. In Section 2.3 we consider systems methodology that studies the properties of CBDMs useful in the context of EA. In the summary of each section, we define the specific requirements for CBDMs in the context of EA. These requirements will be used in Section 3 as a basis for the classifications of the CBDMs that we provide in our paper.
The requirements for CBDMs that we give in this section come from different disciplines (philosophy, psychology, system science etc) and have often solid foundations 1 in these disciplines. However, due to the page limit, we mostly omit the description of these foundations and only give practical description of requirements in the context of EA.
Systems philosophy of CBDMs
In this section, we consider the main modeling elements used in CBDMs and principles that explain how these elements should be used in modeling. CBDMs use many concepts: "view, viewpoint, role, perspective, aspect, subject, etc" (see Nassar et al. (2003) ). They share many commonalities. However, as the CBDMs are developed to be used by different specialists, these commonalities disappear behind the difference of names. In this section we consider concepts that serve as a basis for all CBDMs in the context of EA. We also explain how these concepts can be used in the EA design process.
Organization levels. Organization levels reflect the perspectives perceived by different specialists. The idea that the specialists perceive the reality (or the Universe of Discourse-UoD) from multiple perspectives comes from constructivism. Kant claims that "we cannot know things in themselves and that knowledge of the word is possible only by imposing pre-given categories of thought in otherwise inchoate experience" (see social constructivism in Audi (1999)). The same idea can be found in Berkeley's "ubjective idealism." He claims that the perception of the reality (or the UoD) is observer dependant. An observer gets his "abstract ideas" about the UoD by pulling out certain features or qualities from reality and leaving the rest behind. In the context of EA this means that each EA team members has a certain perspective on the UoD, where the perspective explains and justifies in its own way the knowledge about a system. Many design methods (especially in the context of EA) support modeling with organization levels. For example, RM-ODP (ISO/IEC and ITU-T, 1996) defined five viewpoints: Enterprise, Information, Computational, Engineering and Technology; the Zachman framework (Zachman, 1987) defines six architectural
